A new ionic liquid (IL) based micro-extraction method was developed for the spectrophotometry and spectrofluorometry determination of curcumin in curry products. ILs can effectively extract curcumin from aqueous solution which were used instead of large-scale organic solvents to reduce environmental pollution and production cost. Results show that the fluorescence of curcumin is considerably enhanced in 1-hexyl-3-methylimidazolium hexafluorophosphate ([Hmim][PF 6 ]). Under optimized conditions, the absorbance of curcumin is proportional to the concentration of curcumin in the range of 18.4 ng/mL to 494 ng/mL, and the detection limit is 6.1 ng/mL. In addition, the fluorescence intensity of curcumin is proportional to the concentration of curcumin in the range of 0.050 ng/mL to 120.1 ng/mL, and the detection limit is 0.002 ng/mL. Therefore, an efficient spectrophotometry and spectrofluorometry method for the determination of curcumin was established, and the actual concentration in curry products was satisfactorily determined. The content of curcumin in curry sauce were 14.10±0.40 and 14.32±0.37 mg/g when using the spectrophotometry and spectrofluorometry, the content of curcumin in curry powder were 2.50±1.73 and 2.75±1.40 mg/g when using the spectrophotometry and spectrofluorometry.
INTRODUCTION

Curcumin
[1,7-bis-(4-hydroxyl-3-methoxyphenyl)-1,6-heptadiene-3,5-dione] (C 21 H 20 O 6 , Figure 1 ) is a natural phenolic pigment obtained from the rhizome of Curcuma longa Linn. It has been reported that curcumin has many pharmacological functions, such as antioxygenation, antibiosis and antitumor [1] [2] [3] . Methods such as high-performance thin-layer chromatographic (HPTLC) [4] [5] [6] [7] , high-performance liquid chromatography (HPLC) [8] [9] [10] [11] , capillary electrophoresis with amperometric detection (CE-AD) 12 , matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOFMS) 13 , spectrofluorimetry 14, 15 , liquid phase tandem mass spectrometry (LC-MS/MS) 16, 17 , 1 H NMR 17 , resonance light scattering technique (RLS) 18 and spectrophotometry [19] [20] [21] have been employed to determine curcumin in a variety of matrixes. However, most of these methods have low sensitivity, need a large number of organic solvents or metal ions. Compared with the extensive absorption in organic solvent, its absorbance strongly decreased in aqueous solution, which precludes the determination of trace amount of curcumin in aqueous solution.
and spectrofluorometry for the analysis of curcumin in aqueous phase has not yet been reported.
In this study, three RTILs were used to extract curcumin from aqueous solution. The best extractant and optimum extraction conditions were determined using spectrophotometry and spectrofluorometry. A new assay method for curcumin based IL liquid-liquid micro-extraction technique was then established. This assay is sensitive, simple, cheap, environmentfriendly and practical. The establishment of this method can also be successfully used for the determination of foodstuff.
EXPERIMENTS Apparatus
Fluorescence spectra were obtained with an Agilent Technologies Cary Eclipse fluorescence spectrofluorometer (Agilent, Australia) equipped with a pulsed lamp. The slit width of the excitation and emission monochromators was set at 5 nm. Fluorescence spectra were recorded at a scan rate of 600 nm/min. Absorption spectra were recorded with a Cary 300 (Varian Associates, America), the slit width was set at 2.5nm. All measurements took place in a 0.7 mL quartz cell at 25.0 °C ± 0.5 °C. The pH values were measured with a pHS-3TC digital precision pH meter (Shanghai, China). A centrifuge Model TDZ4-WS (Hunan, China) was used to accelerate the phase-separation process. A SHA-B constant-temperature shaker (Jiangsu, China) was used to control temperature.
Reagents and Chemicals
All the reagents and chemicals used in the study were of analytical grade or the best grade commercially available. Doubly-distilled water was used throughout.
Curcumin (M r = 368.38g/mol) was obtained from Tokyo Chemical Industry Co., Ltd. The stock solution (0.368 mg/mL) was prepared in acetonitrile and stored in the dark in amber bottles at 4 °C, and then diluted to 1.84×10 −3 mg/mL with double-distilled water as the working solution. ] ) were purchased from Chengjie Chemical Company (Shanghai, China) and used as obtained (99%). All ILs were diluted with methanol to a volume ratio of 1:1, and then stored in the dark at room temperature.
Procedure Working solutions were added to a 12-mL graduated centrifuge tube in the following order: 1.0 mL HCl solution (pH=3.0) and an appropriate amount of curcumin solution (or samples). The mixture was diluted to 10 mL with double-distilled water and shaken well. Then, 400 μL of methanol containing 200 μL of [Hmim][PF 6 ] was added. The tubes were heated in a water bath at 70 °C for 5 min. The cloudy solution gradually clarified under these conditions. The solutions were cooled on an ice bath for 5 min and centrifuged for 8 min Figure 1 The structure of curcumin.
Room temperature ionic liquids (RTILs) are composed entirely of organic cations and various anions that are liquid at room temperature, thus, they are generally soluble in polar diluents such as chloroform and dichloromethane. RTILs are thermally stable, ability to dissolve a variety of organic and inorganic substances, miscible with other liquids, recyclable, and do not evaporate 22, 23 , which make them considerably appealing as environmentally friendly for various fundamental studies and applications. Temperature-assisted ionic liquid dispersive liquid phase microextraction (TAIL-DLPME) is based on temperature changes, which cause ILs to disperse in the aqueous phase and increase the chance of mass transfer 24 . Finally, the ILs are condensed into one drop by cooling and centrifugation 25 . ILs have been used as alternatives for classical organic solvents in chemical processes for synthesis 26 , catalysis
22
, electrochemistry [27] [28] [29] , and extraction of organic pollutants 22, [30] [31] [32] . To the best of our knowledge, the use of TAIL-DLPME combined with spectrophotometry at 3500 rpm (1684×g). The upper aqueous phase was removed with a syringe. Then the IL phase was maintained constant at 0.3 mL with methanol and transferred into quartz cells for spectrophotometry determination.
During spectrofluorometry, the IL phase was dried with nitrogen flow at 1.0 bar for 5 min at 70 °C. The IL phase was then directly transferred into quartz cells for fluorescence determination 24, 33 . The calibration graph was constructed in the same way using the studied curcumin solutions at known concentrations.
Sample treatment
Curcumin was extracted from samples of curry products (curry sauce and curry powder were acquired in the diffirent commercial food establishment, China) according to previously reported procedures 15 . A total of 8 mL of acetonitrile was added to 1.0030 g of curry sauce or 1.0007 g of curry powder, and the mixture was subjected to ultrasonic extraction for 20 min. The supernatants were obtained by centrifugation and then diluted 20 times with acetonitrile and then stored in the dark in amber bottles at 4 °C. Curcumin content was determined by standard addition method according to the procedure described earlier. The standard addition method was conducted by adding the curcumin to curry sauce and curry powder.
Calibration of enrichment factor and extraction recovery
To evaluate the performance of the proposed method, extraction recovery was applied. Calculating extraction recovery (R) of curcumin by adding the standard solution in the foodstuff sample. Eqs. were applied for calculating recovery in aqueous phase, and foodstuff, respectively. 6 ], respectively; (C) and (D) are the fluorescence excitation and emission spectra of curcumin in methanol, respectively; 2(b) are the fluorescence excitation and emission spectra of curcumin with various concentrations of ILs. From a to h were the fluorescence excitation spectra of curcumin corresponding different concentrations, and the a′ to h′ were the fluorescence emission spectra of curcumin corresponding different concentrations. The concentrations from a(a′) to h(h′) were 0.092 mg/mL, 0.46 mg/mL, 0.92 mg/mL, 1.84 mg/mL, 2.76 mg/mL, 3.68 mg/mL, 5.52 mg/mL, 4.60 mg/mL.
Volume dependence was studied within the range of 50 μL to 250 μL. The maximum absorbance was obtained when the volume of [Hmim][PF 6 ] was 200 μL, which remains unchanged with the further increase in volume. Based on the volume of quartz cell and spectrofluorometer, the settled phase should contain at least 120 μL for accurate determination. Fluorescence intensity rapidly weakened when the IL volume was less than 200 μL. Based on this condition, the extraction volume of 200 μL was adopted as the optimum volume of [Hmim] [PF 6 ] in the present study, and the actual volume of fluorescence determination were approximately 0.17 mL.
Effect of pH value
The effect of pH on [Hmim][PF 6 ] extraction of curcumin was studied in the range of 1.0 to 7.0 by adding an appropriate volume of hydrochloric acid to aqueous samples. The pH range used in the present study was based on the literature 21, 35 : curcumin was exposed to hydrolytic degradative reactions in basic media and is therefore unstable, so it is more suitable to detect curcumin in the media whose pH value is maintained below 7.0. As shown in Figure 4 , the maximum absorbance and fluorescence intensity was obtained at pH 4.0. However, the intensity of absorption and fluorescence decreased upon further increase from pH 6.0. Therefore, pH 4.0 was used for subsequent absorption and fluorescence experiments.
Where C sed and C 0 are the analyte concentration in sediment phase and the initial analyte concentration in sample solution, respectively, V sed and V aq are the volume of sediment phase and the volume of sample solution, respectively.
Effect of Foreign Ions
Adding the foreign ions to the standard solution of curcumin, by measuring the change in absorbance to determination the interfere of foreign ions. The tolerance level was defined as an error not exceeding ±5% in the determination of curcumin.
RESULTS AND DISCUSSION
ILs sensitized fluorescence
The fluorescence increase of compounds in RTILs were first reported in 2006 34 , As shown in Figure 2 , an methanol solution of curcumin had weak fluorescence; however, increases in fluorescence intensity was observed when it was excited in [ 6 ] was used as the extraction solvent. Under optimal experimental conditions, the extraction recovery rate was 98.1% and the excitation and emission of the blank reagent do not affect the determination of curcumin. Therefore, the wavelengths 422, 422, and 499 nm were selected as absorption, excitation, and emission conditions. 
Diffusion Temperature
Temperature is the key parameter in the extraction process which affects the mass transfer rates of analytes and increase the contact area between IL and aqueous solution. Hence, temperature was investigated in detail in the temperature range of 50-95 °C with the thermostatic time of 5 min. The results are shown in Figure 5 , the absorbance and fluorescence intensity increases before the temperature reaches 70 °C and then decreases with the further increase of temperature. The lower recoveries at lower temperature may be due to the poor performance of IL dispersion, the low diffused rate of curcumin, and the high temperature, which could cause the loss of settled phase and consequently result in the reduction of extraction efficiency. Therefore, the temperature was fixed at 70 °C. 
Diffusion Time
In TAIL-DLPME, the diffusion time is defined as the time interval between the centrifuge tube being placed into the water bath and the ice bath. Diffusion time was investigated in detail in the time range of 1 min to 15 min at 70 °C. The absorbance increased before the diffusion time reached 5 min and then achieved equilibrium. Thus, the diffusion time was maintained at 5 min in all cases.
Effect of extraction time
Employing the shortest equilibration time is desirable to achieve the best extraction efficiency of target analytes for all the extraction methods. 6 ], extraction time is defined as the time interval between the centrifuge tube being placed into the ice bath and the start of centrifugation. The dependence of extraction efficiency upon extraction time was studied within the time range of 1-12 min. The maximum absorbance and fluorescence intensity was obtained at 5 min and reaches a constant value when the extraction time exceeds 5 min. Therefore, the extraction time was kept at 5 min in all cases.
For [Hmim][PF
Centrifugation time Centrifugation time is also an important parameter in the separation of IL from the water phase. A centrifugation time in the range of 2-15 min at the rate of 3500 rpm (1684×g) was investigated. A very short centrifugation time cannot ensure satisfactory phase separation while a longer centrifugation time causes the IL to again liquefy to the water phase, which led to the dissolving of parts of [Hmim] [PF 6 ] phase and the loss of sensitivity. The maximum absorbance and fluorescence intensity was obtained at 8 min. When the centrifugation time was shorter or longer than 8 min, the absorbance and fluorescence intensity slowly decreases. Therefore, 8 min was chosen as optimum.
Calibration graph and sensitivity Under the optimized experimental conditions, standard calibration curves of curcumin were constructed by plotting the absorbance and fluorescence intensity versus concentration at l = 422 nm and l em = 499 nm. The linear regression data are listed in Table 1 . The extraction efficiency and concentration of curcumin exhibited a linear relationship of absorption in the range of 18.4 ng/mL to 494 ng/mL, with a determination coefficient of 0.9997 and detection limit of 6.1 ng/mL. The liner relationship of fluorescence was found in the range of 0.050 ng/mL to 120.1 ng/mL, with a determination coefficient of 0.9995 and detection limit of 0.002 ng/mL. 
S.D. of reagent blanks (S 0 ,n = 11) 0.00454 0.68568
As shown in Table 2 (the LOD of this method is obtained by experiment), spectrofluorometry through IL extraction is sensitive compared with previously reported methods, including HPLC and capillary electrophoresis with amperometric detection (CE-AD). The proposed spectrophotometry method has higher sensitivity than the UV-β-CD method. Compared with the traditional separation techniques, and does not require large amounts of toxic organic solvents; compared with other proposed spectrofluorometry and spectrophotometry methods, this method has the higher sensitivity; compared with the metal complex, which does not require a large number of heavy metals, reducing heavy metal pollution; and using spectrofluorometry and spectrophotometry can greatly reduced the use of costly equipment and expenses in 1 NMR, HPLC and mass spectrometry methods, based on the simple equipment they need, this method more likely to be widely used in real life. Thus, the obvious advantages of the proposed method include high sensitivity, low chemical consumption, simple equipment, less solvent waste, low environmental pollution, and use of recyclable IL. 
Effect of Foreign Ions
A systematic study was carried out on the effects of the foreign ions on the determination of 0.11 μg/mL of curcumin. A 1.1×10 4 μg/mL level of each potentially interfering ion was tested first. If interference occurred, the ratio was reduced progressively until interference ceased. The tolerance level was defined as an error not exceeding ±5% in the determination of curcumin. The results are summarized in Table 3 ) have no detrimental effect on the determination. This fact indicates good selectivity of the method to determine the curcumin. 
Analytical applications
The proposed method was used for the determination of curcumin in curry sauce or curry powder. Five replicate determinations were conducted using three different concentrations and the results were obtained in Table 4 (the LOD of curcumin content in curry products is obtained by calculation).
To check the validity of the proposed method, the standard addition method was conducted by adding the curcumin to curry sauce and curry powder. The content of curcumin in curry sauce were 14.10±0.40 and 14.32±0.37 mg/g when using the spectrophotometry and spectrofluorometry, the content of curcumin in curry powder were 2.50±1.73 and 2.75±1.40 mg/g when using the spectrophotometry and spectrofluorometry. The recovery of curcumin was calculated by comparing the concentration obtained from the (spiked) mixtures with those of the pure curcumin. Table 4 shows the recovery study of the curcumin, the recoveries were all in the range of 95 % to 105 %, and this method is proved have a good repeatability. Thus, the preconcentration method was successfully used to extract curcumin in curry products.
CONCLUSIONS
The present study validated a novel, environment-friendly, and sensitive method for the determination of curcumin based on ILs, the result shows that [Hmim] [PF 6 ] exhibited better extraction recovery and ILs considerably increased the fluorescence for curcumin. Conditions for curcumin extraction were also investigated and optimized. Under optimum conditions, the spectrofluorometry method is sensitive compared with the HPLC and CE-AD methods. The sensitivity of the proposed spectrophotometry method is also higher than that of other spectrophotometry methods. ) can be ignored in this method. Compared with using large-scale organic solvents, using ILs as extractant can reduce exposure to toxic solvents, environmental pollution, and the cost of conventional extraction procedures. The preconcentration method was successfully used to extract curcumin in curry products.
